Abstract -Nowadays, the aquaculture of oysters represents an important economical activity in coastal and estuarine areas. It is known that the growth rate of oysters is affected by several water parameters, including temperature, salinity, turbidity, pH and dissolved oxygen. In this paper, a cloud-based platform is proposed to acquire water parameters that affect oysters' growth. The paper includes the hardware and software description of the measurement system, details about the storage and processing of the acquired data, and some experimental results about the abovementioned parameters.
bags). With algae growth (e.g. biofouling) [6] , the transference of dissolved oxygen and the amount of food from the water is reduced, thus affecting the oyster growth.
This paper presents a cloud-based platform to collect temperature, conductivity and turbidity from aquaculture systems. Regarding conductivity, it is important to normalize measurements to a reference temperature, usually equal to 25 ºC [7] [8] [9] . Otherwise, it wouldn't be possible to distinguish measurement variations caused by conductivity from measurement variations caused by temperature. It is important to refer that water salinity contents related with the mass of dissolved salts in a given mass of the solution, that is usually expressed in parts per thousand (ppt), can also be obtained from the conductivity measurements [10] .
Regarding turbidity, it is important to refer that oysters grow faster in areas where nutrients (nitrogen and phosphorus) are present, responsible for phytoplankton growth, and where suspended solids are in low concentrations. Thus, low turbidity water, with values typically bellow 8 NTU, are associated with potential oyster growing areas [11] [12] [13] . Furthermore, very high turbidity values can alter trophic interactions that can result in predation rate increase [14] .
The third parameter that was considered as an influence parameter related with oysters' growth is water temperature. Several experimental results show that temperature is the most significant parameter that correlates with oyster growth [15] . Oysters' growth rate increases with temperature as long as its value does not affect negatively oxygen levels [16] .
The proposed measurement system, besides the sensor and signal conditioning units, includes a data server hosted in the cloud that assures data storage and availability. Communications between the sensing units and the data server will be done through a public 4G wireless link. Remote clients will be able to connect to the data server to visualize data, configure warning and alarm messages, and program other types of event-handling procedures.
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The paper is organized as follows: section II presents the architecture of the measurement system; section III discusses experimental results; and section IV extracts conclusions and suggests future work.
II. MEASUREMENT SYSTEM
This section presents the overall architecture of the measurement system, focusing on the requirements of the application rather than in specific implementation details.
The architecture, shown in Fig. 1 , includes five main components described as follows:
1. Sensors: Sensors are the primary element of measurement. The application requires a turbidity sensor (with a range from 0 to 400 NTU), a conductivity sensor (with a range from 0 to 60 mS/cm), and a temperature sensor (with a range from +5 to +40°C ). All sensors shall have an accuracy better than 2% of the full scale (FS), and a 4-20 mA output signal that varies linearly as a function of the measurand. 2. Programmable logic controller (PLC): The PLC is responsible for acquiring the sensed variables and for transferring the data to the cloud. Given the slowness of the variables, the sampling rate can be adjusted from 1 sample every 15 seconds to 1 sample every hour, in steps of 15 seconds. Long sampling periods are advisable to reduce the power consumption and the amount of data uploaded to the cloud. The PLC can also run pre-processing routines, including the correction of measurements as a function of temperature, or the extraction of mathematical parameters related with the sensed data. The PLC shall have an Ethernet connection to upload data to the cloud (mandatory). 3. 4G router: The router provides internet connectivity over a 4G wireless link. The conversion between the two domains, wired and wireless, is transparent to the PLC as it only "sees" an ordinary TCP/IP connection. The 4G wireless link shall be provided by a commercial internet service provider (ISP) under the payment of a monthly fee. Data shall be transferred to the IoT server using the ThingSpeak application programming interface (API) supported over the HTTP protocol. 4. IoT server: The IoT server shall act as the repository of the uploaded data. The server shall be hosted in the ThingSpeak infrastructure [17], which was chosen by three main reasons: first, it is free as long as the number of messages is less 8333 per day (as it is expected); second, it is supported by a well-known, well-reputed company (Mathworks); and third, it supports Matlab analytics for future extensions. This approach guarantees free data logging on a robust server, with fixed internet address and zero maintenance costs. 5. Remote clients: Remote clients connect to the IoT server to visualize the stored data, configure notifications and program event handling routines. All accesses shall be done through the ThingSpeak API supported over the HTTP protocol. Security mechanisms shall be implemented to secure the access and transfer of the data.
A basic client shall allow the visualization of the last values of the variables up to seven days before the present date. Two types of visualization shall be provided, table and graph, with the possibility to export values to a tabseparated-value (TSV) file. Email notifications shall be fired to pre-defined recipients if one of the variables exceeds a given threshold during, at least, one hour.
The first three components (sensors, PLC and 4G router) are to be installed in situ, in the aquaculture facility located in the Sado river or the Mira river. The remaining components (IoT server and clients) may be anywhere in the world. 
III. EXPERIMENTAL RESULTS
This section presents a pilot system inspired in the architecture shown in Fig. 1 , and describes the tests made to assess its behavior.
A. Pilot System
The pilot tries to fit the requirements of the measurement system using low-cost components:
• Turbidity sensor: model SEN0189 from DFRobot [18] with an estimated cost of 10 USD. Other characteristics include: supply voltage = +5 VDC, supply current < 40 mA, response time < 500 ms, range between 0 and 3000 NTU, analog output between 0 and +4.5 V, relation between turbidity in NTU (TU) and the output voltage in volt (U) given by the following equation:
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• Conductivity sensor: model DFR0300 from DFRobot [19] with an estimated cost of 100 USD. Other characteristics include: supply voltage = +5 VDC, range between 1 mS/cm and 20 mS/cm, operating temperature between +5 °C and +40 °C, analog output between +0.15 V and +3.3V, relation between the conductivity in μS/cm (ı) and the output voltage in millivolt (U) given by the following equations:
where equation (2) is needed to normalize measurements to a reference temperature (T) equal to 25 ºC.
• Temperature sensor: model DS18B20 from Maxim [20] with no added cost since it is included in the conductivity kit. • 4G router: model B310 from Huawei [22] with an estimated cost of 40 USD.
The turbidity and conductivity sensors are low-cost equipment used for demonstration purposes only. According to sensors' documentation, an accuracy no better than 5 %FS should be expected. The Arduino-based PLC is interesting because it is open source, both in terms of hardware and software. The total cost of the pilot system, considering the listed items plus power supplies, wiring and assembling, will be around 500 USD. The PLC is the most expensive item because it has a robust casing, suitable for the final application.
A free data channel, named OSTRAQUAL, was created in the IoT server. The channel has three fields, one for each sensed variable, and is associated to the oyster farm located in latitude = +38.563281° and longitude = -8.748727°. The channel can be accessed using the following primitives from the REST API:
To update a field of the channel:
https://api.thingspeak.com/update.json?api_ key=<write_api_key>&field<n>=<data> where <write_api_key> is a private key that identifies the OSTRAQUAL channel, <n> identifies the field (1, 2 or 3 referring to turbidity, conductivity or temperature, respectively), and <data> is the content to be written.
To read values from a field of the channel:
https://api.thingspeak.com/channels/504698/ fields/<n>.json?api_key=P6D5PRY9DDZE0K8D&re sults=<m> where 504698 identifies the OSTRAQUAL channel, <n> identifies the field (from 1 to 3), P6D5PRY9DDZE0K8D is a public reading key, and <m> is the number of the last records to be read.
The REST API is quite rich and allows many other ways to upload and download data to and from the OSTRAQUAL channel. More information about the REST API can be found in [23] .
A. Experimental Results
The pilot system was mounted with the turbidity sensor connected to analog input 0 (A0), the conductivity sensor connected to analog input 1 (A1) and the temperature sensor connected to digital pin 2. Turbidity and conductivity sensors are accessed very easily by calling the analogRead() function, while the temperate sensor is accessed using the 1-Wire library for Arduino.
The PLC was programmed to acquire one sample per second for each variable. On every minute, the collected samples are averaged (60 samples per variable), equations (1-3) are computed, and the resulting values of turbidity (TU), conductivity (ı) and temperature (T) are uploaded to the IoT server. Communications with the 4G router are supported by the Ethernet library for Arduino. Fig. 2 shows the turbidity, conductivity and temperature measured by the pilot system when inserting the turbidity probe into a standard solution with 1000 NTU, and the conductivity probe into a standard solution with 12.88 mS/cm. The plots have 60 values, one per minute, covering one hour.
The turbidity measurements have a mean value equal to 968 NTU with a standard deviation equal to 20 NTU, leading to an uncertainty equal to 72 NTU ≈ 2.4 %FS. The conductivity values, in turn, have a mean value equal to 12726 μS/cm and a standard deviation equal to 7 μS/cm, leading to an uncertainty equal to 168 μS/cm ≈ 0.84 %FS. These values are exceptionally good taking into account the modest specifications of the sensors. During the tests, the IoT server worked as expected with no service failures.
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IV. CONCLUSIONS
The paper presented a cloud-based measurement system intended to monitor several water parameters that affect the growth of oysters, namely turbidity, conductivity and temperature. The system acquires samples at a periodic rate and uploads the data to a IoT server hosted in the ThingSpeak infrastructure. This approach provides free data storage on a robust server, with fixed internet address and zero maintenance costs.
A pilot system was built as a proof of concept. The pilot was successful in acquiring data from the sensors and in uploading it to the IoT server. The pilot doesn't meet all the requirements of the final application, but it was useful to see how the proposed architecture behaves.
As future work, we intend to use industry-grade sensors with better specifications and rugged cases. The new sensors shall be mounted on a floating platform that will move vertically, along a stake fixed on the riverbed, following the tides, as shown in Fig. 3 . The new sensors shall have 4-20 mA interfaces to carry power and data at high distances (tens or hundreds of meters). The PLC shall be placed onshore, together with the 4G router, all powered by a solar energy system equipped with backup batteries. 
